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CHAPTERl. GENERALINTRODUCTION 
Eastern gamagrass (Tripsacum dacty/oides L.) is a high producing, warm-season forage 
grass that is very palatable to livestock (Polk and Adcock, 1964). There is interest in this 
species due to a variety of uses including grazing, silage, erosion control, land reclamation, 
and reestablishment of native prairies (Kindiger and Dewald, 1997). However, eastern 
gamagrass is not always the warm-season grass chosen for these uses because its low seed 
yields result in high seed costs (Brejda et al., 1997). 
Common harvestable seed yields of eastern gamagrass are about 3.5 million seed ha-1, 
which is considerably less than the 116 million, 124 million, and 336 million harvestable 
seed ha-1 yields reported for big bluestem (Andropogon gerardi), indiangrass (Sorghastrum 
nutans), and switchgrass (Panicum virgatum), respectiveJy (Kallenbach, 2001). One reason 
for low seed yields in eastern gamagrass is the indeterminate nature of its reproductive 
growth with appearance of spikes on the same plant occurring over a considerable time 
period (Jackson, 1994). Seed harvest is further complicated because mature seed easily 
shatters from the plant and seed ripens over a period of several weeks (Polk and Adcock, 
1964; Wright et al., 1983). 
Harvestable seed yields of eastern gamagrass may be increased by the use of nitrogen 
application and defoliation treatments. Application of nitrogen can increase seed yields for 
grass species by increasing inflorescence density per unit area (Hill and Loch, 1993). 
Masters et al. (1993) found application of 67 kg ha-1 of nitrogen significantly increased the 
density ofreproductive tillers and seed produced for big bluestem. Defoliation has also been 
shown to create conditions that increase reproductive tiller development for warm season 
grass crops (Hulbert, 1988). For example, Vogel and Bjudsted (1968) found clipping little 
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bluestem, big bluestem, and indiangrass for three successive years at the seed ripened stage 
or later increased spring-time tillering of plants. Defoliation increases light penetration into 
the canopy, _which has been shown to increase reproductive stem density in warm-season 
grasses. Knapp (1984) found that removing plant debris substantially increased flowering 
stem density in big bluestem by improving the light environment of emerging shoots. 
Harvestable seed yield of eastern gamagrass may be improved by application of nitrogen 
and defoliation. In addition, characterization of inflorescence and seed appearance in eastern 
gamagrass is needed for optimizing seed harvest in this indeterminate flowering species. The 
objectives of this research were to characterize inflorescence and seed appearance and to 
evaluate the effect of nitrogen application and defoliation on seed production and shattering 
loss in two cultivars of eastern gamagrass. 
Thesis Organization 
Chapter one of this thesis consists of a general introduction and a description of its 
contents. Chapter two is a review ofrelative literature. Chapter three is a description of the 
materials and methods used to conduct this research. Chapter four summarizes the data 
collected in a results and discussion section. The final chapter is a general conclusion, which 
summarizes the relevance of the results and provides recommendations for future research. 
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CHAPTER 2. LITERATURE REVIEW 
Introduction 
Eastern gamagrass (Tripsacum dactyloides L.) is a high producing, warm-season forage 
grass that is very palatable to livestock (Polk and Adcock, 1964). Diverse uses ranging from 
grazing, silage, erosion control, land reclamation, and reestablishment of native prairies have 
created interest in the species (Kindiger and Dewald, 1997). However, three primary 
obstacles have limited widespread use of eastern gamagrass. Eastern gamagrass is intolerant 
of grazing to low heights (Rechenthin, 1951 ), is difficult to establish (Ahring and Frank, 
1968), and is a low seed producer (Polk and Adcock, 1964). Several management 
recommendations have been developed to overcome the intolerance of eastern gamagrass to 
low grazing heights (Brejda et al., 1996; Aiken, 1997; Aiken and Springer, 1998) and other 
studies have concentrated on techniques leading to improved establishment of eastern 
gamagrass (Anderson, 1985; Kindiger, 1994; Mueller et al., 2000; Aberle et al., 2000). Due 
to a continuing need to increase harvestable seed yields, this literature review focuses on 
improving seed production in eastern gamagrass through cultural methods such as nitrogen 
application, defoliation, and use of heat units to determine .optimum harvest time. 
Plant Description 
Eastern gamagrass is a perennial, warm-season bunch-grass native to the eastern and 
midwestern United States. It grows from Massachusetts to Michigan, Iowa, and Nebraska 
and south to Florida, Oklahoma, and Texas (Hitchcock, 1950). Eastern gamagrass frequently 
occupies stream banks with dissemination of rhizomes and seeds occurring via water (Galinat 
and Craighead, 1964; Randolph, 1970; Anderson, 1985). Gamagrass grows as a population 
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of connected monocarpic shoots (tillers) that remain vegetative in the season they are 
initiated and typically become reproductive in the second or third season of growth, 
apparently after achieving some minimum size (Dewald and Louthan, 1979). Eastern 
gamagrass tillers grow 1 to 2 m tall with robust stems, which are flattened at the purplish 
base. The blades are 1 to 3 cm wide with rough, sharp margins. The inflorescence with one 
to three spikes up to 30 cm long has male spikelets above female spikelets. The male 
spikelets are in pairs fitting into the hallows of the seed stem. The female spikelets are oval 
and hard, breaking into bony joints. Within a reproductive tiller, one terminal inflorescence 
emerges as the stalk elongates, and 10 to 14 days later one to four lateral inflorescences are 
born at axillary nodes. This makes each plant a multiaged population of reproductive tillers 
each with one to five inflorescences in two stages of maturity (Jackson, 1994). Clonal 
spreading of populations occurs via apomictically developed seeds or rhizomatous growth of 
ramets (Farquharson, 1955; Newell and De Wet, 1974; Anderson, 1985). 
Newell and De Wet (1974) studied the morphological and cytological variability of 235 
eastern gamagrass accessions collected from 88 locations in ten states. Accessions analyzed 
cytologically were mainly diploid (2N=2X=36) or tetraploid (2N=4X=72), with only two 
triploids (2N=3X=54) found. Their study of 17 morphological characters by multivariate 
analysis of variance led them to conclude that the species is composed of many populations 
covering a wide range of variability, with each population possessing a characteristic 
combination of morphological attributes. This variability has allowed gamagrass to be 
adapted to a variety of climates and habitats in North America (Hitchcock, 1950). 
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Potential of Eastern Gamagrass 
Agronomic Potential 
The potential of gamagrass as a forage crop has been noted since the 1800' s (Mago fin, 
1843). Polk and Adcock (1964) referred to gamagrass as the grand dad of grasses in Texas. 
It earned this title by being an extremely high producing forage that was very palatable to 
livestock. Gamagrass was often the species selected first by grazing animals (Ahring and 
Frank, 1968). This extreme palatability was its downfall as it was grazed to near extinction 
because of its intolerance to low grazing heights (Rechenthin, 1951). The agricultural 
potential of this species became less obvious as overgrazing and modem farm practices 
reduced native stands and slowly drove the species into relative obscurity (Kindiger and 
Dewald, 1997). 
Until recently, little attention has been directed at the economic and agricultural potential 
of eastern gamagrass. Diverse uses ranging from grazing, silage, erosion control, land 
reclamation, and re-establishment of native prairies have renewed interest in the species 
(Kindiger and Dewald, 1997). There is considerable allure in the use of gamagrass as a 
grazed and preserved forage because eastern gamagrass has high potential productivity 
(Anderson, 1985; Aiken, 1997) and moderate to high forage quality (Homer et al., 1985; 
Bums et al., 1992; Aiken, 1997). In southern Illinois, Faix et al. (1980) reported 3-year 
average dry matter yields of 17.7 Mg ha-1 and in Oklahoma maximum reported dry matter 
yields of 22.6 Mg ha-1 were documented (Fine et al., 1990). In northern Missouri, gamagrass 
fertilized at 168 kg ha-1 had forage yields that ranged from 8.1to13.7 Mg ha-1 (Brejda et al., 
1997). This compares favorably to dry matter yields of 6.7 to 10.1, 6.9, 5.8 Mg ha-1 for 
switchgrass (Panicum virgatum L. ), big bluestem (Andropogan gerardi), and indiangrass 
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(Sorgastrum nutans L.) fertilized at 150 kg ha-1 in Iowa (Barnhardt, 1994). In another study 
in northern Missouri, gamagrass fertilized at 168 kg ha-1 with different harvest intervals of 4 
weeks and 6 weeks had a crude protein range of 9.1 g kg-1 to 18 g kg-1• These results show 
that eastern gamagrass has the ability to produce large amounts of high quality forage (Brejda 
et al., 1996). 
Forage Quality 
Eastern gamagrass nitrogen concentrations can be high relative to the nitrogen 
concentrations of other perennial, warm-season grasses at similar growth stages and 
competitive with nitrogen concentrations commonly reported for red clover hay and 
midbloom alfalfa hay (Coblentz et al., 1998). The high potential nitrogen content of 
gamagrass poses some intriguing possibilities for the use of gamagrass in dairy cattle rations. 
Despite the high nitrogen concentrations found naturally in alfalfa, the highly degradable 
nature of this nitrogen can lead to poor utilization of potentially available nitrogen in 
lactating dairy cows (Coblentz et al., 1998). Gamagrass has slower nitrogen degradation 
rates leading to greater delivery of dietary nitrogen to the small intestine, which improves 
animal performance (Coblentz et al., 1998). A study by Bums et al. (1996) found nitrogen 
retention by animals consuming gamagrass was higher than switchgrass or flaccidgrass 
(Pennisetumflaccidum Griseb.). Another study by Bums et al. (1992) found that steers fed 
gamagrass yielded an average daily gain of 0.82 kg d-1 compared to 0.67 kg d-1 for 
flaccidgrass and 0.30 kg d-1 for bermudagrass (Cynodon dacty/on L.). Homer et al. (1985) 
found that the nutritive value of gamagrass hay compared favorably with alfalfa in both a 
digestion trial with whethers and a lactation trial utilizing dairy cattle. Bums et al. (1996) 
revealed that dry matter digestibility of gamagrass and flaccidgrass entering the reproductive 
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stage were similar, but dry matter intake of gamagrass by wethers was higher. They 
concluded that digestibility estimates from whethers fed eastern gamagrass indicated 
gamagrass hay quality is adequate to meet the energy and protein requirements for many 
ruminant animal classes. 
Eastern Gamagrass as Silage on Erosive Ground 
Com production can result in considerable soil erosion on marginal and sloping cropland 
(Dickerson and van der Grinten, 1990). Minimum soil erosion is best achieved when 
perennial crops are used (Gantzer et al., 1991; Brejda et al., 1994). Gamagrass may be an 
acceptable alternative to dent com as silage on erosive ground. Gamagrass yields compare 
favorably to the 15.5 to 22.4 Mg ha-1 yields produced by dent com in the Com Belt (Kurle et 
al., 1991; Brejda et al., 1994). In a study of silage characteristics, Brejda et al. (1994) found 
that increased nitrogen fertilization rates increased gamagrass silage crude protein 
concentrations and tended to decrease gamagrass silage acid detergent fiber (ADF) and 
neutral detergent fiber (NDF) concentrations. They concluded that producers interested in 
using eastern gamagrass on marginal and erosive cropland will have to weigh the potential 
benefits of reduced annual input costs and soil erosion against slightly reduced forage quality 
and yields as compared to com. 
Pasture Management 
Eastern gamagrass offers a potential feed source of predominately leafy tissue (65.1 g kg-
1 leaf and 26.2 g kg-1 stem) that can be grazed or harvested mechanically and should have a 
role in forage production systems (Bums et al., 1992). In Missouri, Brejda et al. (1996) 
compared protein and yield differences of three 6-week harvests to four 4-week harvests of 
eastern gamagrass. This study showed that for grazing, a four-week harvest interval 
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provided animals with forage of higher protein content. While for hay production, a six-
week harvest interval provided greater forage yields. In a similar study, Aiken (1997) 
concluded that early growth provides potential for gain by young cattle and late season 
growth is suited for maintenance of mature cattle. 
Aiken (1997) tested steer performance on gamagrass at three different stocking rates for 
three different grazing durations in Arkansas. He concluded that high live weight gain per 
unit land area could be achieved with eastern gamagrass if grazed with high stocking rates 
(7.4 steer ha-1) to a targeted pasture height of 30 to 38 cm. A later study showed eastern 
gamagrass can persist under a variety of stocking rates if grazing is deferred for the 
remainder of the growing season when canopy height falls to 30 to 38 cm (Aiken and 
Springer, 1998). In their study, eastern gamagrass maintained its vigor and persisted up to 
140 days at low stocking rates (3 steer ha-1). They concluded that as an alternative to 
rotational stocking, gamagrass could be continuously grazed up to 140 days throughout a 
growing season if adequate residual herbage(> 30 to 38 cm) is maintained. 
Gamagrass for Conservation 
Eastern gamagrass has recently received considerable attention for use in grass hedges 
and filter strips. Warm-season grasses are great candidates for hedges because they are 
generally more robust and tend to have stiffer stems and increased tillering within the hedge 
than most cool season grasses (Dewald et al., 1996). Research has shown that narrow grass 
hedges disperse water, trap sediment, reduce gully development (Dabney et al., 1995) and 
reduce wind erosion (Aase and Reitz, 1989; Ritchie et al., 1997). 
The shoots of gamagrass are interconnected in a thick (1.3 to 2.5 cm) woody proaxis 
(stem base) network that remains intact for several years acting as a considerable deterrent to 
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erosion. The dynamic crown has the capacity to elevate coarse aerial foliage above sediment 
coverage and to anchor the plant in place with stout brace roots (Dewald et al., 1996). 
Gamagrass also has well formed root aerenchyma channels, allowing gamagrass to be 
tolerant to low oxygen environments such as flooded and compacted areas (Ray et al., 1998). 
Clark et al. (1996) found roots of gamagrass growing in and below clay pans had large 
amounts of aerenchyma that probably enabled the plants to tolerate perched water tables that 
often occur in these soils. The ability of gamagrass to constitutively form aerenchyma 
enhances the competitive ability of gamagrass to grow in wet or compacted soils (Ray et al., 
1999). These traits enable gamagrass to tolerate periodic inundation that occurs in filter 
strips, allowing gamagrass to effectively reduce sediment and herbicide losses in surface run-
off when used as a filter strip species (Rankins et al., 1998). Brejda (1993) stated an 
established eastern gamagrass plant is able to tolerate a wide range of herbicides carried in 
the runoff and sediment from the field, thus serving as a biological filter crop. He concluded 
that strips of eastern gamagrass could be especially useful around fields near wetlands by 
providing excellent nesting, seed as a source of food, and escape for game birds. 
Obstacles to use of Eastern Gamagrass 
Eastern gamagrass has vast agronomic potential, but three primary problems have 
discouraged its widespread use. Eastern gamagrass is a low seed producer (Polk and 
Adcock, 1964), is difficult to establish (Ahring and Frank, 1968), and is intolerant to low 
grazing heights (Rechenthin, 1951 ). Of these three obstacles, increasing harvestable seed 
yield has received the least attention. 
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Gamagrass Seed Production 
Eastern gamagrass produces low seed yields resulting in high seed costs (Brejda et al., 1997). 
Table 1 shows a comparison of stand establishment costs per hectare for four warm-season 
grasses and com silage. Establishment costs for eastern gamagrass are $30 to $130 dollars 
more per hectare as compared to the other warm-season grasses and nearly $160 dollars more 
per hectare than com (Sharp Bros. Seed Company, 2002). After three years, the 
establishment costs of com silage will exceed the one time cost of establishing warm-season 
grasses. Gamagrass is difficult to establish as compared to com silage and the other warm-
season grasses. However, of the warm-season forage grasses, eastern gamagrass requires the 
fewest months to first grazing. Common seed yields of eastern gamagrass are about 3.5 
million seed ha-1, which is considerably less than the 116 million, 124 million, and 336 
million seed ha-1 yields reported for big bluestem, indiangrass, and switchgrass, respectively 
(Kallenbach, 2001). One reason for low seed yields in eastern gamagrass is the 
indeterminate appearance of inflorescences on the same plant, which occurs over a 
considerable time period (Jackson, 1994). Also, the seed ripens over a period of several 
weeks with mature seed shattering easily, which further complicates seed harvests and 
reduces seed yields. (Polk and Adcock, 1964; Wright et al., 1983). Genetic advances to 
increase seed production in eastern gamagrass have primarily consisted of using a 
gynomonecious variant. This variant has both bisexual and female florets with the capability 
of producing two seeds per spikelet instead of one (Dewald and Kindiger, 2000). This 
gynomonoecious form discovered by Dewald and Dayton was advertised as having the 
potential of a 20 to 25 fold increase in seed set as compared to normal plants (Dewald et al., 
1985). However, a study by Jackson et al. (1992) indicated that gynomonoecious plants 
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Table 1. Comparison of establishment costs for four warm season grasses and silage com. 
Months 
Seeding Amount Seeding Seed Seed Ease of to First 
SEecies Rate of Seed Rate Cost Cost Establishment Grazing 
kg ha-1 seed kg-1 seed ha-1 kg-I ha-I 
Eastern 11.2 13,200 147,840 $21 $235 Difficult 12 Gama grass 
Switchgrass 6.7 494,000 3,310,000 $15 $101 Moderately 12-16 Difficult 
Big Bluestem 7.8 353,000 2,753,000 $22 $187 Moderately 12-24 Difficult 
Indian grass 7.8 423,000 3,300,000 $26 $203 Moderately 12-24 Difficult 
Silage Com 79,040 $89 Easy 
produced only 6 to 10 times more seed than normal plants. Also, the seeds of the 
gynomonoecious form were smaller, with fewer seeds germinating, and fewer seedlings 
surviving as compared to normal plants. Nicholsen (1987) reported the gynomonoecious 
plant to be a poor forage producer and susceptible to leaf rust. With the shortcomings of the 
gynomonoecious form for increasing seed production, improved cultural methods appear to 
hold the most promise for increasing eastern gamagrass seed production while maintaining 
its favorable forage quality traits. 
Increasing Eastern Gamagrass Seed Harvest 
Cultural Methods 
There is not much information regarding cultural practices that might increase seed 
production of eastern gamagrass. Dewald and Kindiger (2000) recommend planting in wide 
rows (90 cm to 120 cm). They found plants produced more seed in wide rows as compared 
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to narrow rows or solid plantings. For soil fertility, they recommend soil phosphorus should 
be maintained "on the high side" and that annual application of nitrogen is needed. They 
state "timing of harvest is judgmental and should be based on frequent inspections to 
determine caryopses content or grain fill of the cupulate fruitcase enclosure". These 
recommendations are general and lacking in detail. In order to overcome the problems 
gamagrass has with indeterminacy of reproductive tiller development and seed shattering, 
precise information regarding nitrogen rates, defoliation treatments, and a way to better 
determine optimum harvest time is needed to increase harvestable seed yields. 
Loch (1980) stated, "with grasses the overall aim of management is to produce a high 
yielding crop by promoting inflorescence emergence over a short period of time leading to 
synchronization of inflorescence development". The strategy is to encourage rapid early 
production of new tillers, which later forms the basis for a synchronized flush of 
inflorescences. In tum, this leads to higher presentation and harvested seed yields (Hill and 
Loch, 1993). In most cases, this involves a combination of defoliation and fertilizer nitrogen 
applied at the start of each cropping cycle (Loch, 1980). 
Nitrogen Application to Increase Seed Yields 
Adequate levels of all nutrients are required for optimum crop development. However, 
the major fertility factor limiting grass seed production is usually nitrogen (Rowarth, 1997). 
The main effect of nitrogen fertilizer on grass seed crops is to increase seed yield via 
inflorescence density per unit area (Hill and Loch, 1993). Early application of nitrogen 
stimulates and synchronizes tiller development and promotes early closure of the canopy 
(Loch, 1985). In a tall grass prairie in Nebraska, Masters et al. (1993) found application of 
67 kg ha-1 of nitrogen significantly increased the density of reproductive tillers and seed 
13 
produced for big bluestem. They also found that the combination of a spring bum and 
application of 112 kg ha-1 nitrogen significantly increased the density ofreproductive stem 
tillers in indiangrass. As a general guide for determination of optimal nitrogen rates for seed 
production on grasses, Loch (1985) stated "rates near optimum levels lead to minimal 
lodging, while rates above optimal levels increase the degree of lodging thus reducing 
harvestable seed yields". At sub-optimal levels he found nitrogen became depleted, resulting 
in fewer inflorescences produced and decreased seed yields. 
Defoliation Treatments to Increase Seed Yields 
Burning has been shown to increase reproductive stem density of warm-season grasses 
(Hulbert, 1988). Removing plant debris was found to stimulate plant growth by improving 
the light environment of emerging shoots and causing the soil to warm earlier in the spring 
than soil in unburned areas (Knapp, 1984; Masters et al., 1993). This defoliation 
synchronizes subsequent flowering functions by removing apical dominance and allowing 
light to penetrate bud sites. This results in a flush of tiller production until their density 
becomes high enough to inhibit further tiller recruitments (Hopkinson et al., 1996). For 
example, Vogel and Bjudsted (1968) found clipping little bluestem, big bluestem, and 
indiangrass for three successive years at the seed ripened stage or later increased spring 
initiated tillering of plants. Loch (1985) stated for tropical grasses, "high seed yields are 
dependent on maximizing the number of tillers that synchronously produce inflorescences, 
and it is a standard practice to carry out a cleaning cut at the end of the season to promote 
even tillering to increase seed production". No studies on the effects of defoliation on 
eastern gamagrass reproductive development have been conducted. 
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Determining Optimal Harvest Time 
Pegler (1976) stated, "in grass crops the formation of new tillers and decay of mature 
tillers produces a state of continuous change. Seed heads are found with widely differing 
dates of origin and varying heights. They also differ in floret production, time of flowering, 
and seed ripening characteristics". Early harvesting can therefore result in overproduction of 
immature seeds, while delayed harvesting may bring high losses through seed shattering. A 
study by Ramirez and Hacker (1994) reported a 56% reduction in seed yield one week after 
maximum seed yield was determined for Digitaria eriantha, a subtropical grass species with 
prolonged inflorescence emergence and low seed retention, making identification of optimal 
harvest date a critical decision. 
Seed shattering is also a major problem in birdsfoot trefoil (Lotus corniculatus) seed 
production (Garcia-Diaz and Steiner, 2000). The objective of their study was to determine 
optimal harvest time on the basis of a heat unit method to minimize birdsfoot trefoil seed 
losses. They found that 238 accumulated heat units were required from the time of peak 
flowering until initial pod dehiscence. Also, a total of 109 heat units were needed from the 
time of initial pod dehiscence until rapid shattering occurred. A study by Berhdahl and Frank 
(1998) also correlated heat units expressed as growing degree days after anthesis to seed 
development and optimal harvest time for crested wheatgrass (Agropyron desertorum ), 
Russian wildrye (Psathyrostachys juncea ), intermediate wheat grass ( Thinopyrum 
intermedium ), and western wheat grass (Pascopyrum smithii). These four species suffer from 
excessive seed shattering that causes economic losses to seed producers. Thus in these 
studies, heat units after peak anthesis served as a reliable way to predict optimal harvest 
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times. Currently, no studies have been conducted correlating heat units after peak anthesis to 
optimum harvest time for eastern gamagrass. 
Conclusion 
Eastern gamagrass is a high producing, nutritious, palatable, warm-season forage grass. 
Potential uses such as erosion control, reestablishment of native prairies, silage, land 
reclamation, and grazing have created demand for gamagrass seed. This demand combined 
with the low seed production of eastern gamagrass has created high seed costs and the need 
to increase seed production. The current cultural recommendations to increase seed yields 
for eastern gamagrass are broad and inconclusive. The current study was conducted to 
evaluate the combination of defoliation and nitrogen fertilization as methods of increasing 
harvestable amounts of eastern gamagrass seed. The objective of the study was to determine 
the optimum nitrogen rate and defoliation treatment that will increase inflorescence density 
and promote synchronization of reproductive tiller development leading to increased 
harvestable seed yields. An additional goal of the study was determination of the optimum 
harvest time by using heat units or day of year to characterize the indeterminacy of 
reproductive tiller flowering and seed shattering for eastern gamagrass. 
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CHAPTER 3. MATERIALS AND METHODS 
Plant Culture and Treatment Application 
The research was conducted in 2000 and 2001 at Boone, IA, (41°59' N, 93 ° 55' W, 
elevation 334 m) on a Clarion loam soil (fine-loamy, mixed, mesic Typic Hapludoll). Four 
blocks each of "Pete" and "Iuka" eastern gamagrass were planted at 9.5 kg pure live seed ha-1 
on 22 May 1997, in a randomized complete block design with each block containing 48 
rows, 6 min length, with 0.76 m spacing between rows. Soil tests on cores from the upper 
15 cm taken on 19 Nov 1998 indicated a soil pH of 5.60, organic matter content of 35 g kg-1, 
Bray-IP level of 14 mg kg-1, and a K level of 116 mg kg-1• On 2 Dec 1998, 4900 kg ha-1 of 
lime (85% EEC) was applied based on Iowa State University soil testing recommendations 
for corn (Voss et al., 1999). Prior to this study the eastern gamagrass stands had been burned 
each spring beginning in 1998 and fertilized annually with 78 kg ha-1 nitrogen. Sixteen soil 
cores randomly collected on 18 Apr 2000 indicated an average of 2 mg kg-1 N03 throughout 
the experimental area. Soil tests on ten cores from each plot on 30 Apr 2001 found an 
average of 2 mg kg-1 N03, 3 mg kg-1 NH4, and 14 g kg-1 total nitrogen with no significant 
differences between plots (P= 0.067, 0.455, and 0.710 respectively). 
Precipitation and daily high and low temperatures were measured during the growing 
season (1 Apr to 31 Oct) on the agronomy farm at Boone, IA for the 2000 and 2001 seasons. 
The 50-year average precipitation and high and low temperature totals were from a weather 
station in Ames, IA, approximately 5 km northeast of the experimental site. Growing season 
precipitation totals for the 2000 and 2001 seasons were 36 cm and 58 cm, respectively, which 
was lower than the 50-year average precipitation (67 cm) over the same period (Figure 1). 
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The 2001 season was cooler during June and warmer during July and August as compared to 
the 2000 season (Figure 2 and 3). Daily growing degree-units, with 10° C as the base 
temperature, were figured by using the equation: GDU =((daily high temp.+ daily low 
temp. )/2) - 10. Growing degree-unit accumulations in both seasons were greater than the 50-
year average (Figure 4). 
For the current study, eastern gamagrass stands were burned on 14 Mar 2000 and 6 Apr 
2001, prior to green-up. In 2000, each block of gamagrass was divided into four whole plots 
comprised of 12 rows each. Each block was randomly assigned to receive 0, 56, 112, or 224 
kg nitrogen ha·1• The nitrogen treatments were applied with a Gandy Model 6505 drop 
spreader (Wikco Industries, Inc., Lincoln, NE) on 26 Apr 2000 and 1May2001, with 
NH4N03 as the nitrogen source. In addition, whole plots were divided into four-row split 
plots; each split-plot was randomly assigned to receive one of three defoliation treatments 
consisting of a control (no defoliation), spring defoliation, or fall defoliation. The spring 
defoliations were done on 22 May 2000 and 29 May 2001, after the plants reached the 4 to 5 
collared leaf stage. Plant height at this stage was approximately 60 cm. The second year of 
the study included a fall defoliation treatment, which was taken on 17 Aug 2000. Defoliation 
was done with a Bush Hog RDTH 72 finishing mower (Bush Hog LLC., Selma, AL) at a 45-
cm height. 
Data Collection 
Anthesis counts, cupule counts, and seed harvests were used to characterize flowering 
and seed production. Anthesis counts were taken weekly from June through August on a 
center row of each plot to minimize border effects. Seed tillers were considered to be at 
anthesis when anthers began shedding pollen from the staminate portion of the inflorescence. 
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Once tillers reached this stage, biodegradable flagging tape was tied below the inflorescence 
to signify that the tiller had flowered and was counted. Terminal and lateral inflorescences 
were counted independently. Terminal inflorescences emerge from the apical meristem of a 
reproductive tiller while lateral inflorescences emerge from axillary buds located where leaf 
blades attach to the reproductive tiller. Cupule counts were taken weekly from 17 Jul to 5 
Sep 2000 and 25 Jul to 28 Aug 2001 on four randomly selected plants from the middle two 
rows of each plot to characterize shattering. Only cupules on inflorescences that had reached 
anthesis were counted and data was collected on both terminal and lateral inflorescences. 
Seed harvests were taken weekly for six weeks from 27 Jul through 30 Aug in 2001. 
Seed was harvested weekly from randomly selected plants located in the center row of each 
plot not used for anthesis counts. Intact inflorescences were dried at room temperature in 
mesh harvest bags for four weeks. After drying, inflorescences were broken at joints and 
germination percentage and viability of the cupules were tested. Germination tests were 
conducted by placing the cupules for each treatment in 13 x 13 x 3.5 cm, covered containers 
containing two layers of Anchor Steel blue seed germination paper (Anchor Paper Co., St. 
Paul, MN) moistened with distilled water. To accommodate all treatments in a limited 
amount of germination space, each germination box contained two treatments randomly 
placed in separate halves of the box. One half of the box containing 25 randomly sampled 
seeds for a treatment was considered as an experimental unit. 
All germination tests were carried out at 20/30°C alternating temperature (Ahring and 
Frank, 1968) with light (four 40W cool-white fluorescent lights vertically oriented on each 
the left and right sides of the germinator) and 30°C for 8 h daily. Germination counts were 
made every 7 d for 28 d. Seeds were considered germinated if the coleoptile exceeded the 
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seed in length and the seedling was normal according to the seedling evaluation criteria of 
AOSA for comparable grasses (AOSA, 1992). Normal seedlings were removed as they were 
counted. Water was added to each germination box as needed to maintain optimum moisture 
levels. After 28 d of incubation, ungerminated seeds were examined by tetrazolium tests and 
classified as dormant or dead. 
Plant basal area was determined from crown circumference measurements made at the 
soil surface. All inflorescence and seed data measurements were converted to a per crown 
area basis to account for the wide range of plant size variability that accompanies a 
gamagrass stand and to allow comparisons to be made from a common unit size. 
Statistical Design and Analysis 
The experimental layout was a randomized complete block in a split-split-split plot 
treatment arrangement with four replications. Each cultivar represented a whole plot. The 
first split represented the nitrogen treatments. The second split represented the defoliation 
treatments and the final split represented the dates on which counts were taken. Statistical 
analysis was performed using the Mixed Models procedure of the Statistical Analysis System 
(Littell et al., 1996). Main effects and the interaction of cultivar, nitrogen, defoliation, and 
date were tested for significance using analysis of variance. Mean comparisons were made 
by using an F-protected LSD (Steele and Torrie, 1980). The significance level for all 
comparisons was P:S0.05. 
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Figure 1. Monthly precipitation during the growing season in 2000, 2001 and the 50-year 
average. 
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Figure 2. Daily high and low temperatures during the growing season in 2000. 
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Figure 3. Daily high and low temperatures during the growing season in 2001. 
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Figure 4. Accumulated growing degree units during the experimental periods in 2000 and 
2001. (Base temperature= 10° C) 
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CHAPTER 4. RESULTS AND DISCUSSION 
Eastern gamagrass produces low seed yields resulting in high seed costs (Brejda et al., 
1997). Nitrogen and defoliation treatments, which increased inflorescence density and seed 
yields for other warm-season grass species (Masters et al., 1993; Hulbert, 1988; George and 
Reigh, 1987; Knapp, 1984; Vogel and Bjudsted, 1968), were applied to two cultivars in two 
growing seasons to test their ability to increase harvestable seed yield of eastern gamagrass. 
Effects on inflorescence and cupule production were tested with ANOV A procedures (Table 
2). 
Inflorescence Appearance 
Inflorescence production was influenced by an interaction between cultivar and sampling 
date in both seasons. Pete and Iuka eastern gamagrass had similar amounts of production 
during the first two weeks of appearance of either the lateral or terminal inflorescences 
(Figure 5). Thereafter, Pete produced more inflorescences than Iuka. For the 2000 season, 
peak anthesis for terminal inflorescences occurred between 15 and 25 Jun, while peak 
anthesis for lateral inflorescences occurred approximately three weeks later, between 12 and 
18 Jul. Flowering occurred later in 2001, with peak anthesis of terminal inflorescences 
occurring between 26 Jun and 3 Jul and peak anthesis for lateral inflorescences near 12 Jul. 
Anthesis timing of the two cul ti vars was similar. Season total inflorescence production is 
presented in Table 4. Pete produced 53 and 36% more terminal inflorescences and 81 and 
63% more lateral inflorescences than Iuka in 2000 and 2001, respectively. 
Spring defoliation decreased lateral inflorescence production in 2000 (Figure 6). In 2001, 
a defoliation by cultivar by sampling date interaction occurred for terminal inflorescences. A 
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separate analysis of variance for the two cultivars showed that terminal inflorescence 
production in Iuka was not influenced by defoliation. However, the season's terminal 
inflorescence production in Pete was significantly greater in the fall defoliation treatment 
than the spring defoliation treatment. There was no significant difference between the 
control and spring or fall defoliation. It appears that the defoliation by sampling date 
interaction for Pete resulted from variations in inflorescence production over a three-week 
period during mid-reproductive growth (Figure 7). There was little difference in 
inflorescence production among defoliation treatments for the periods of 14 to 28 Jun and 16 
Jul to 20 Aug. However, fall defoliation resulted in greater inflorescence production than 
spring defoliation between 28 Jun and 16 Jul. 
There was a defoliation by nitrogen by sampling date interaction for lateral inflorescences 
in 2001. Each of the defoliation treatments was analyzed separately to determine its causes. 
The nitrogen by date interaction was significant in the control (no defoliation) treatment (P= 
0.011). This interaction appears to have been caused by the 224 kg ha-1 rate causing the peak 
lateral inflorescence time to be delayed by two weeks as compared to the other nitrogen rates 
(Figure 8). The spring defoliation treatment had significant differences for nitrogen level (P= 
0.026) and a nitrogen by date interaction (P = 0.019). The mean number oflateral 
inflorescences for the season was 326, 390, 468, and 343 at 0, 56, 112, 224 kg ha-1, 
respectively (LSD0.05 = 88). The nitrogen by date interaction may have resulted from a drop 
in lateral inflorescence production after the peak period followed by a second flush at the end 
of July in the 0, 56, and 112 kg ha-1 nitrogen, while inflorescence production remained steady 
for several weeks after the initial peak in lateral inflorescence appearance at the 224 kg ha-1 
rate (Figure 9). 
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Seed Loss 
The dispersal unit of eastern gamagrass is a caryopsis enclosed by a cupulate fruitcase 
(Springer et al., 2001). The cupule is formed by the indurate first glume and hard bony rachis 
internode surrounding the pistillate spikelet. The second glume folds tightly inward and 
tightly secures the caryopsis in the cupule. 
Timing of eastern gamagrass seed harvest is quite difficult due to the indeterminate 
reproductive growth pattern of this species. Inflorescence and cupule appearance on the 
same plant occurs over a considerable time period and seeds easily shatter from the 
inflorescence upon maturity. In addition, there is considerable variability in maturity among 
plants within the synthetic varieties of eastern gamagrass. In our study, cupule counts were 
taken periodically from the beginning of seed shatter to determine the period of maximum 
harvestable seed load. Counts on any given sampling date represent cupules in varying 
stages from anthesis to physiological maturity. Over time, there was a net seed loss because 
shattering occurred faster than new cupules were formed. 
Seed number on terminal and lateral inflorescences varied with sampling date in both 
seasons. Pete produced more terminal cupules than Iuka in 2001 and more lateral cupules in 
both years (Figure 10). There was a significant interaction between cultivar and sampling 
date for terminal cupule amounts in 2000 and lateral cupules in both seasons. This 
interaction occurred because seed shattered more rapidly from Pete than Iuka. Trends across 
all treatments in 2000 showed that the greatest number of cupules on terminal inflorescences 
in both Pete and Iuka occurred between the 17 and 26 Jul, while the greatest numbers of 
lateral cupules occurred between 26 Jul and 1 Aug (Figure 10). Combined lateral and 
terminal cupule load was greatest for the period between 16 Jul and 1 Aug when Pete and 
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Iuka contained more than 2800 and 1700 cupules per m2 basal area, respectively. For the 
2001 season, the greatest number of terminal cupules was counted on 25 Jul, while the 
greatest amount oflateral cupules occurred between 25 Jul and 1 Aug. The period of greatest 
total cupule load was 25 Jul to 1 Aug with more than 6000 and 4000 combined terminal and 
lateral cupules per m2 basal area for Pete and Iuka, respectively. Pete produced 58% and 
94% more total terminal and lateral cupules, respectively, than Iuka for the 2000 season 
(Table 4). In 2001, Pete produced 28% and 76% more total terminal and lateral cupules than 
Iuka, respectively. Since the number of cupules per inflorescence was similar for the two 
cultivars, differences in cupule numbers resulted from more inflorescences being produced in 
Pete than Iuka. 
Defoliation treatments had little effect on cupule numbers except for a defoliation by date 
interaction on lateral cupules in 2000 and a cultivar by defoliation by date interaction for 
terminal cupules in 2001. The interaction in 2000 resulted from defoliated plants having 
fewer cupules than non-defoliated plants from 17 Jul to 15 Aug, after which the defoliated 
plants contained more cupules (Figure 11). An analysis of variance was performed 
separately on the two cultivars to resolve the cultivar by defoliation by date interaction in 
2001. Defoliation had no significant effects on Iuka (P=0.994) and there was no defoliation 
by date interaction (P=0.927). However, Pete had significant differences for the defoliation 
treatments (P=0.002) and the defoliation by date interaction (P=0.005). Terminal cupule 
numbers in Pete were greatest throughout the entire growing season for the fall defoliation 
treatment (Figure 12). The defoliation by date interaction resulted from the spring 
defoliation treatment having a greater rate of cupule loss between the 25 Jul and 1 Aug than 
the other defoliation treatments. 
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Nitrogen application affected cupule production in 2001 only (Figure 13). Analysis of 
variance and orthogonal contrasts were used to analyze the response of season total cupule 
production in 2001 to nitrogen level. Cupule production on both terminal and lateral 
inflorescences responded to nitrogen application (P=0.001 and 0.002, respectively). A 
greater number of cupules were produced when nitrogen was applied as compared to no 
added nitrogen (Table 5). Orthogonal contrasts between the combined nitrogen addition 
levels and no nitrogen demonstrated that nitrogen increased both the number of terminal and 
lateral inflorescences (P=0.050 and 0.026, respectively) and the number of cupules on these 
inflorescences (P=0.007 and 0.022, respectively). 
Seed Viability and Germination 
Other factors beyond net seed load, such as seed quality, maturation of caryopses, 
shattering rate, disease, wind, and other environmental factors, could also influence optimum 
harvest time. Seed viability and germination was determined for eastern gamagrass seed 
harvested weekly in 2001. ANOVA results for this data are presented in Table 3. 
Viability and germination of both terminal and lateral cupules varied with harvest date. 
Viability of terminal cupules peaked at 73% on 9 Aug and then remained above 65% for the 
remainder of the harvests (Figure 14). Germination percentages for terminal cupules steadily 
increased from 4% to 10% from 27 Jul to 16 Aug and then decreased to less than 5% for the 
final harvest dates. Viability of lateral cupules increased to 60% on 3 Aug and then remained 
above 60% for the remainder of the season. Germination percentage of lateral cupules 
increased from 6% to 9% between 27 Jul to 16 Aug and then decreased to less than 6% for 
the final two harvest dates. 
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Viability of lateral cupules from Pete was generally greater than the viability of Iuka 
cupules throughout the season (Figure 15). Nitrogen had a significant effect on viability of 
lateral cupules (Figure 16). The greatest viability occurred in lateral cupules harvested from 
plants that did not receive nitrogen. Differences of fixed effect interactions on germination 
while significant, were not of practical value because the response range ( 6 to 11 % ) was 
fairly narrow. 
Maximizing Seed Harvest in Eastern Gamagrass 
Prolonged inflorescence emergence and low seed retention make identification of optimal 
harvest date in eastern gamagrass a critical decision. Early harvesting can result in 
overproduction of immature seeds, while delayed harvesting may bring great losses through 
seed shattering. In this study, the greatest seed load occurred during the last week of Jul and 
first week of Aug in both years. After this period, shattering severely decreased cupules 
available for seed harvest. Seed viability results from 2001 showed that viability of terminal 
and lateral cupules peaked at the very end of this period. 
Heat units, expressed as growing degree days after anthesis, have been correlated to seed 
development and optimal harvest time for crested wheat grass (Agropyron desertorum ), 
Russian wildrye (Psathyrostachys juncea ), intermediate wheat grass ( Thinopyrum 
intermedium ), and western wheatgrass (Pascopyrum smithii) (Berhdahl and Frank, 1998). 
Similar to eastern gamagrass, these four species suffer from excessive seed shattering 
causing economic losses to seed producers. We calculated growing degree units (GDU) after 
, peak terminal and lateral anthesis to determine optimum harvest time for eastern gamagrass 
in our study (Figure 4). If seed harvests were taken on 8 Aug, the harvest timing would have 
occurred at 550 GDU after peak terminal anthesis and 200 GDU after peak lateral anthesis in 
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2000 and 500 GDU after peak terminal anthesis and 325 GDU after peak lateral anthesis in 
2001. It appears that using GDUs to determine harvest timing may not be the best method 
for eastern gamagrass because GDU's from anthesis to peak seed load varied between years 
and determining peak anthesis would be difficult for a seed producer. 
A visual indicator may be the simplest way for a seed manager to decide seed harvest 
timing in eastern gamagrass. Optimal harvest time in our study was approximately 2 weeks 
after terminal cupules began shattering. Seed harvested one week before this period had 15 
and 5 percentage points more immature seed on terminal and lateral inflorescences, 
respectively. Beyond this period, seed shattered at a rate of 50 and 32 cupules per day in 
2000 for Pete and Iuka, respectively. In 2001, seed shattered at 178 and 109 cupules per day 
for the two cultivars. At these rates, approximately 13 and 20% of the seed was lost in the 
first week after peak cupule load in 2000 and 2001, respectively. 
Cultivar had the greatest influence on seed yield of any treatment in this study. Pete 
produced greater total numbers of terminal and lateral inflorescences and cupules than Iuka 
in both years. These differences between cultivars may be attributed to Iuka being selected 
for forage production. Iuka was developed from 21 accessions that were selected from over 
500 accessions based on visual forage value (Springer, personal communication, 2002). 
Visual forage value took into consideration such things as crown diameter, leafiness, 
potential yield, and growth habit. In contrast to Iuka, Pete was developed as a composite of 
70 accessions originating from native populations in Kansas and Oklahoma, presumably with 
little selection for forage quality (Fine et al., 1990). The techniques used to develop Iuka 
may have resulted in selecting toward vegetative tillers at the expense of reproductive tillers. 
A greater amount of vegetative tillers relative to reproductive tillers would contribute to 
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greater leafiness and visual forage quality. It would also reduce the amount of seed produced 
by this cultivar. 
Total seed production was much greater in the second year of this study than the first, 
which could be attributed to the age of the stand (3 vs. 4 years), the production environment, 
or a combination of the two. Terminal cupule production increased 166% and 133% and 
lateral cupules increased 98% and 80% for Iuka and Pete, respectively, from 2000 to 2001. 
In 2000, growing season rainfall amounts were nearly 20 cm less than 2001, with the largest 
differences occurring in the spring months of Apr, May, and Jun. 
Management of eastern gamagrass for both forage and seed would improve the diversity 
of options livestock producers have for their stands. However, early season defoliation has 
decreased seed yields in other warm-season grass, such as switchgrass (Brejda et al., 1994). 
Our defoliation treatments were applied to simulate early season grazing (spring defoliation) 
and a combine harvest with removal of vegetative tissue late in the season (fall defoliation) 
as compared to plants with no defoliation. 
Reductions in seed production occurred with spring defoliation in the cultivar Iuka for 
the first year of the study and in Pete during both years, although reductions in both terminal 
and lateral cupules did not occur in either year. Lateral cupules were decreased by 20% 
during the peak seed load in 2000, but cupules shattered less rapidly from the defoliated 
plants than the control plants. After 14 Aug more cupules were retained on the defoliated 
plants. In 2001, cupule loads for spring-defoliated plants were not significantly different 
from that of non-defoliated plants. Combined, these responses suggest that spring defoliation 
to a height of 45 cm may have affected the seed available during the period of greatest seed 
load, but seed loads in the spring-defoliated plants were not much different from the non-
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defoliated plants after mid-August. If seed and livestock producers with eastern gamagrass 
stands are willing to accept moderate seed yield reductions, they have the option of managing 
their stands for both forage and seed production. Defoliated fields should be the last ones 
harvested for seed. 
The spring defoliation treatment may have decreased lateral inflorescence production due 
to a decrease in carbohydrate reserves caused by the defoliation treatment. Dewald and 
Louthan (1979) found that tillers remain vegetative in the season they are initiated and 
become reproductive in later seasons after achieving a minimum size for reproductive tiller 
formation. Jackson (1994) discovered carbohydrate reserve concentrations reach minimum 
levels when vegetative tillers "bolt" to create reproductive tillers, which may control the 
number of reproductive tillers formed in eastern gamagrass. The defoliation treatment in this 
study may have decreased carbohydrate reserves by removing vegetative tissue early in the 
season, which caused the decrease in lateral inflorescence production in the 2000 season. 
Fall defoliation increased seed load above that of the spring defoliation treatment in Pete 
during the second year, suggesting that defoliation during seed harvest may be beneficial. 
This is similar to results of Vogel and Bjudsted (1968) who reported increased tillering and 
seed yields of big bluestem and indiangrass plants following a clipping at the seed ripened 
stage. 
Studies with switchgrass and big bluestem (Masters et al., 1993; George and Reigh, 
1987; Harlan and Kneebone, 1953) found that nitrogen application increased reproductive 
tiller and seed formation in warm-season grasses. Addition of 56 kg ha·1 nitrogen increased 
seed load in the second year of our study. However, seed yield did not increase at nitrogen 
rates above this level. In fact, an increase in nitrogen from 112 to 224 kg ha·1 decreased 
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cupule numbers. It may be possible that increased vegetative growth from excessive nitrogen 
addition decreased light penetration into the crown area of the plants, which decreased lateral 
inflorescence formation. Light penetration into the canopy has been shown to increase 
reproductive stem density in other warm-season grasses. Knapp (1984) found that removing 
plant debris substantially increased flowering stem density in big bluestem by improving the 
light environment of emerging shoots. 
The 0 kg ha-1 nitrogen rate produced the greatest percentage of viable seeds. This may be 
explained by the limited production of cupules later in the season for the 0 kg ha-1 nitrogen 
rate. There were greater amounts of mature seed at the 0 kg ha-1 rate during the later 
harvests. The differences in cupule production response to nitrogen between years may be 
explained by rainfall patterns. The drought conditions of 2000, especially the below normal 
rainfall received in Apr, May, and Jun, may have hindered the availability and uptake of 
nitrogen. While higher rainfall amounts over the same period in 2001, resulted in greater 
nitrogen uptake. Climatic factors influence both the transformation of nitrogen fertilizer in 
the soil and the amount of nitrogen available to the plant (Craswell and Goodwin, 1984). 
Under typical rainfall patterns 56 kg ha-1 was sufficient for producing the greatest amount of 
harvestable seed. Rates above this level may decrease seed load and combine harvest would 
be slowed because nitrogen promotes greater amounts of vegetative tissue that would have to 
be processed through the combine. 
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Table 2. Mean squares of fixed effects for inflorescences and cupules per m2 basal area. 
Inflorescences Cu2ules 
Source of 
variation df Terminal Lateral df Terminal Lateral 
no. no. 
2000 
Cultivar (C) 1 260.0** 2071.0** 1 24929673 210748686* 
Nitrogen (N) 3 3.7 19.8 3 1860948 3734898 
CxN 3 1.1 7.1 3 620316 1167156 
Defoliation (D) 1 9.1 83.6* 1 438029 2523746 
CxD 1 0.2 7.6 1 2305416 3043340 
NxD 3 1.1 29.3 3 288177 185570 
CxNxD 3 1.1 15.4 3 426502 1633012 
Date (T) 17 207*** 1523.0*** 7 18144224*** 36373075*** 
CxT 17 13.8*** 164.5*** 7 392173 3365454*** 
NxT 51 2.4 8.4 21 158855 399784 
CxNxT 51 1.3 8.0 21 210979 588773 
DxT 17 3.5 11.4 7 382245 1839006* 
CxDxT 17 1.3 7.3 7 86874 203526 
NxDxT 51 1.3 7.2 21 89356 392515 
CxNxDxT 51 1.0 9.0 21 49642 196258 
2001 
Cultivar (C) 1 833.0* 3266.0* 1 85047100* 622477392* 
Nitrogen (N) 3 16.6 89.2 3 20479466** 62407759* 
CxN 3 11.1 39.7 3 1363232 7718607 
Defoliation (D) 2 35.3 115.0 2 9139852 5710738 
CxD 2 35.4 65.7 2 8520201 5894955 
NxD 6 7.7 72.9 6 1208319 2486934 
CxNxD 6 14.0 38.6 6 4554435 7368694 
Date (T) 15 2225.0*** 2331.0*** 5 202674988*** 186269114*** 
CxT 15 65.9*** 139.0*** 5 5477170*** 14425488*** 
NxT 45 4.6 17.4 15 860323 1382443 
CxNxT 45 3.7 12.3 15 190453 706248 
DxT 30 6.1 21.7 10 288963 1562761 
CxDxT 30 8.1 * 16.7 10 1306903* 1187097 
NxDxT 90 4.8 20.0* 30 236425 390690 
CxNxDxT 90 4.7 18.2 30 485984 360637 
*, **, *** Significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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Table 3. Mean squares of fixed effects for viability and germination percentages on cupules 
harvested in 2001. 
Viability% Germination % 
Source of 
variation df Terminal Lateral Terminal Lateral 
no. no. 
Cultivar (C) 1 187.9 6793.0* 2.9 10.8 
Nitrogen (N) 3 807.4 4191.6** 68.5 31.1 
CxN 3 758.7 553.l 97.1 79.6 
Defoliation (D) 2 237.9 380.9 22.4 163.4* 
CxD 2 922.0 51.1 51.7 138.0 
NxD 6 487.7 301.9 37.3 19.3 
CxNxD 6 350.9 37.2 47.4 131.4* 
Date (T) 5 2414.9** 3219.l *** 536.7*** 217.1*** 
CxT 5 1189.6 989.4 42.l 31.6 
NxT 15 232.0 459.9 94.3* 32.5 
CxNxT 15 767.3 617.8 25.1 71.1 
DxT 10 178.4 469.2 41.0 78.2 
CxDxT 10 499.6 343.7 52.8 80.5 
NxDxT 30 315.3 371.6 42.1 39.6 
CxNxDxT 30 666.2 450.6 49.6 37.7 
*, **, *** Significant at the 0.05, 0.01, and 0.001 probability levels, respectively. 
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Table 4. Season total inflorescence, cupule, and cupules per inflorescence production in two 
cultivars of eastern gamagrass. 
Terminal Lateral 
Cultivar lnft Cupt Cup:Inf§ Inf Cup Cup:lnf 
-------no. per m2 basal area--------
Iuka 
Pete 
SE 
Iuka 
Pete 
SE 
t Inflorescences 
t Cupules 
115 
176 
6 
254 
345 
17 
§ Cupule to inflorescence ratio 
964 
1526 
112 
2560 
3561 
134 
2000 
8.9 
8.7 
NS 
2001 
10.1 
10.6 
NS 
190 
343 
20 
310 
506 
33 
1422 
2758 
192 
2814 
4957 
209 
8.4 
8.1 
NS 
9.2 
10.0 
NS 
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Table 5. Season total inflorescence, cupule, and cupules per inflorescence production in 
eastern gamagrass exposed to four rates of nitrogen in year 2001. 
Terminal Lateral 
Nitrogen Inft Cu pt Cup/Inf§ Inf Cup Cup/Inf 
no. per m2 basal area 
Okg 280 2379 8.6 361 2999 7.9 
56 kg 302 3241 10.9 436 4695 11.1 
112 kg 303 3055 10.3 431 4128 9.8 
224kg 315 3567 11.5 406 3722 9.6 
LSDo.os NS 563 2.4 NS 877 NS 
t Inflorescences 
t Cupules 
§ Cupule to inflorescence ratio 
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Figure 5. Terminal and lateral inflorescence production in two eastern gamagrass cultivars. 
Each symbol represents the average number of inflorescences added per day since the 
previous sampling date. 
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Figure 6. Lateral inflorescence production in eastern gamagrass under two differing 
defoliation treatments in 2000. Each symbol represents the number ofinflorescences added 
per day since the previous sampling date. 
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Figure 7. Terminal inflorescence production in Pete eastern gamagrass under three differing 
defoliation treatments in 2001. Each symbol represents the number of inflorescences added 
per day since the previous sampling date. 
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Figure 8. Lateral inflorescence production response to four rates of nitrogen (kg ha"1) in 
eastern gamagrass under the control defoliation treatment in 2001. Each symbol represents 
the number of inflorescences added per day since the previous sampling date. 
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Figure 9. Lateral inflorescence production response to four rates of nitrogen (kg ha-1) in 
eastern gamagrass under the spring defoliation treatment in 2001. Each symbol represents 
the number of inflorescences added per day since the previous sampling date. 
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Figure 10. Terminal and lateral cupules for two cultivars of eastern gamagrass. Each symbol 
represents the number of cupules present on the plant at the corresponding sampling date. 
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Figure 11. Lateral cupules in eastern gamagrass under two differing defoliation treatments in 
year 2000. Each symbol represents the number of cupules present on the plant at the 
corresponding sampling date. 
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Figure 12. Terminal cupules in Pete eastern gamagrass under differing defoliation treatments 
in year 2001. Each symbol represents the number of cupules present on the plant at the 
corresponding sampling date. 
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Figure 13. Terminal and lateral cupules in eastern gamagrass exposed to four nitrogen 
treatments (kg ha· 1) in year 2001. Each symbol represents the number of cupules present on 
the plant at the corresponding sampling date. 
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Figure 14. Viability and germination of terminal and lateral cupules in eastern gamagrass 
harvested in year 2001. 
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Figure 15. Viability of lateral cupules for two cul ti vars of eastern gamagrass harvested in 
year 2001. 
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Figure 16. Viability of lateral cupules for four rates of nitrogen (kg ha-1) in eastern 
gamagrass harvested in year 2001. 
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CHAPTER 5. GENERAL CONCLUSION 
Eastern gamagrass produces low seed yields resulting in high seed costs. Nitrogen 
application and defoliation management have been found to increase reproductive tillers and 
seed yields for other warm-season forage grasses. This study was conducted to determine 
whether nitrogen and defoliation management could be manipulated to increase harvestable 
seed yields on two cultivars of eastern gamagrass. 
Cultivar had the greatest influence on seed yield of any treatment in this study. Pete 
produced greater total numbers of terminal and lateral inflorescences and cupules than Iuka 
in both years. Reductions in seed production occurred with spring defoliation in the cultivar 
Iuka for the first year of the study and Pete during both years. In 2000, lateral cupules for 
both cultivars were decreased by 20% during the peak seed load due to spring defoliation, but 
cupules shattered less rapidly from the defoliated plants. In 2001, cupule loads for spring-
defoliated plants were not significantly different from non-defoliated plants. These results 
suggest that a pre-heading forage harvest can be taken ifthe producer is willing to accept 
moderate reductions in seed yield. Spring defoliation may delay seed shattering; so defoliated 
fields could be harvested later than non-defoliated fields. Addition of 56 kg ha-1 nitrogen 
increased seed load in the second year of the study. However, seed yield did not increase at 
nitrogen rates above this level. An increase in nitrogen from 112 to 224 kg ha-1 decreased 
cupule numbers. 
Optimal harvest time in our study was approximately two weeks after terminal cupules 
began shattering. Seed harvested one week earlier than this had 5 to 15 percentage points 
more immature seed. Cupule numbers were 13 to 20% less if seed harvests were taken one 
week later than the recommended date of harvest. 
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While addition of 56 kg ha-1 nitrogen increased cupule load by about 50% above no 
nitrogen application in one year of the study, it appears that other practices could be 
developed to further increase the seed yield of eastern gamagrass. It was visually observed 
during the course of this study that only about one tenth of the tillers on a plant advance to 
reproductive growth, while the rest remain vegetative. Future research should focus on 
understanding the mechanism that regulates the conversion of vegetative tillers into 
reproductive tillers. This unknown regulator may be carbohydrate reserves, light 
interception, soil moisture, growth hormones, or a combination of these factors or other 
factors. A better understanding of this trigger could lead to great improvement in eastern 
gamagrass seed yields. 
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